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Abstract 
The purpose of this study was to examine the effect of professional development of mathematics teachers on students’ 
performance in mathematics. A total of 4498 8th grade students and 146 school teachers from Turkey participated in the Trends in 
International Mathematics and Science Study (TIMSS) in 2007. The participants (4429) were those who completed all questions 
in the teachers’ questionnaire related professional development and students participated in the mathematics test. Students’ 
performances were measured in content and cognitive dimensions. Content areas are Number, Algebra, Geometry, Data and 
Chance; cognitive domains are Knowing, Applying and Reasoning. ANOVA was used to identify differences if any among 
mathematics performance of students based on their teachers’ professional development experiences. The results revealed that 
professional development makes a big difference and effects students’ performance in positive way. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
There has been a great interest on professional development of teachers and its impact on both students and 
teacher learning over the last decades (Avalos, 2011; Garet, Porter, Desimone, Birman & Yoon, 2001; Vescio, Ross 
& Adams; 2008). For example, according to Supovitz and Turner (2000) professional development lies at the heart 
of nearly every educational effort to improve student achievement. However not every professional development 
activities are useful and bring success for students. Because of that we decided to explore this situation on Turkish 
students. 
Supovitz and Turner (2000) discuss the six critical components of high quality professional development: First, 
high quality professional development must immerse participants in inquiry, questioning and experimentation and 
therefore model inquiry forms of teaching. Second, reformers argue that professional development must be both 
intensive and sustained. Third, staff development must engage teachers in concrete teaching tasks and be based on 
teachers’ experiences with students. Fourth, professional development must focus on subject matter knowledge and 
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deepen teachers’ content skills. Fifth, professional development must be grounded in a common set of professional 
development standards and show teachers how to connect their work to specific standards for student performance. 
Finally, reform strategies must be connected to other aspects of school change.  
In TIMSS 2007 study, data were collected from teachers based on their professional development. There were 6 
categories that professional development activities offered for mathematics teachers. These are: 
1- Mathematics content 
2- Mathematics pedagogy/instruction 
3- Mathematics curriculum 
4- Integrating information technology into mathematics 
5- Improving students’ critical thinking or problem solving skills 
6- Mathematics assessment 
2. Data Sources 
Turkey is participated the assessments for evaluating the education systems in national and international level. 
These international assessments are Trends in International Mathematics and Science Study (TIMSS), Programme 
for International Student Assessment (PISA) and Progress in International Reading Literacy Study (PIRLS). 
Our research based on the data from the TIMSS 2007 Project. TIMSS 2007 is the fourth comparison of 
mathematics and science achievement carried out since 1995 by the International Association for the Evaluation of 
Educational Achievement (IEA), an international organization of national research institutions and governmental 
research agencies. In 2007, 36 countries participated at grade four and 48 participated at grade eight. We have used 
the data from grade eight in mathematical performance. Details on the data, tests and sampling procedures can be 
found in the general and technical reports (Mullis et. al., 2008). A total of 4498 8th grade students and 146 school 
teachers from Turkey participated in the TIMSS 2007. The participants (4429) were those who completed all 
questions in the teachers’ questionnaire related professional development and students participated in the 
mathematics test.  
3. Method and Research Questions 
The purpose of this study was to examine the effect of professional development of mathematics teachers on 
students’ performance in mathematics. Our intention is not promoting particular professional development or 
models but to explore the linkage between teacher and student learning. More specifically, we have three questions 
for this study: 
1. What are the differences of students’ mathematics performance based on their teachers’ professional 
development activities? 
2. Which of the six categories of professional development are associated with the greatest impact on students’ 
mathematics achievement? 
3. Which of the six categories of professional development are associated with the least impact on students’ 
mathematics achievement? 
In this study, we have used analysis of variance (ANOVA) using SPSS program. 
Mathematics teachers from the TIMSS study was divided into three categories. These are teachers who didn’t 
participate in professional development activities, less than four professional development activities and more than 
three professional development activities in six categories in the past two years. 
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Table 1. Frequencies and Percentage of Students about Teachers’ Professional Development Level
 Teachers Professional Development Level Frequency Percent 
None Professional Development 786 17,7 
Professional Development Less than 4 categories 2620 59,2 
Professional Development More than 3 categories 1023 23,1 
Total 4429 100,0 
4. Content and Cognitive Domains in Mathematics 
In TIMSS 2007 assessment was organized around two dimensions: content and cognitive dimension. First one 
specifying the subject matter or being assessed in mathematics. The second one specifying the thinking process that 
student is likely to use as they engage with the content. Students’ performances were measured in four content areas: 
number, algebra, geometry and finally data and chance. The performance of students presented in three cognitive 
domains: knowing, applying and reasoning. Knowing refers to student’s knowledge base of mathematical facts, 
concept tools, and procedures. Applying refers to student’s ability to apply knowledge and conceptual understanding 
in a problem situation. And finally reasoning refers to solution of routine problems to encompass unfamiliar 
situations, complex contexts, and multi-step problems (Mullis et. al., 2008). 
5. Findings  
Turkish students’ average achievements in the mathematics content and cognitive domains were summarized in 
Table 2 and Table 3. When the performance of Turkish eight graders compared with the international average, the 
scores were lower than the international average scores. 
Table 2. Average Achievement in the Mathematics Content  Domains
Number Algebra Geometry Data and Chance 
Mean 429,17 440,25 411,11 444,83 
Std. Deviation 95,55 108,47 105,14 91,21 
Table 3. Average Achievement in the Mathematics Cognitive Domains
Knowing Applying  Reasoning 
Mean 439,24 424,92 440,72 
Std. Deviation 104,05 101,92 98,69 
1. What are the differences of students’ mathematics performance based on their teachers’ professional 
development activities? 
The differences of students’ mathematics performance based on their teachers’ professional development 
activities were examined in four content domains. 
Table 4 shows the means based on the teachers’ professional development levels. Students of teachers who did 
not attend the professional development activities were the lowest average score. If teachers attend the professional 
development activities, their students get higher performance in mathematics than others. 
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Table 4. Means of Achievement in the Mathematics Four Content Domains
Teachers Professional Development Level Nunber Algebra Geometry Data and Chance 
None Professional Development 406,00 411,14 381,87 421,15 
Professional Development Less than 4 categories 435,26 447,69 418,94 449,97 
Professional Development More than 3 categories 450,36 466,13 436,09 465,49 
Total 433,56 445,46 416,32 448,44 
Table 5. ANOVA of Achievement in the Mathematics Four Content Domains
Content Domains Sum of Squares df Mean Square F
Geometry Between Groups 1350640 2 675320,1 57,87*
Within Groups 51645620 4426 11668,69 
Total 52996260 4428
Algebra Between Groups 1376009 2 688004,7 55,27*
Within Groups 55089856 4426 12446,87 
Total 56465866 4428
Data and Chance Between Groups 889025,7 2 444512,9 51,34*
Within Groups 38318789 4426 8657,657 
Total 39207815 4428
Number Between Groups 893307,6 2 446653,8 47,21*
Within Groups 41867824 4426 9459,517 
Total 42761132 4428
         *p<0.001 
When students’ mathematics performance were compared in terms of teachers professional development levels, 
there was a statistically significant difference between mathematics achievement (F=57,87; df=2, 4426; p<0.001) 
among  students whose teachers have participated in professional development activities and did not participate in 
professional development activities in Geometry. In a similar fashion, there was a statistically significant difference 
between mathematics achievement in Algebra, Data and Chance and finally Number content domains. Table 5 
summarizes the details.  
The differences of students’ mathematics performance based on their teachers’ professional development 
activities were examined in three cognitive domains. 
Table 6 shows the means based on the teachers’ professional development levels. Students of teachers who did 
not attend the professional development activities were the lowest average score. The more teachers attend the 
professional development the more the student performance in all three cognitive domains of mathematics. 
Table 6. Means of Achievement in the Mathematics Cognitive Domains
Teachers Professional Development Level Knowing Applying Reasoning 
None Professional Development 411,22 395,91 414,07 
Professional Development Less than 4 categories 445,57 432,27 446,98 
Professional Development More than 3 categories 464,83 449,13 462,85 
Total 443,92 429,71 444,80 
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Table 7 ANOVA of Achievement in the Mathematics Four Cognitive Domains
Cognitive Domains Sum of Squares df Mean Square F
Knowing Between Groups 1294630 2 647315,1 56,93*
Within Groups 50326682 4426 11370,69 
Total 51621312 4428
Applying Between Groups 1300772 2 650385,8 59,83*
Within Groups 48110678 4426 10870,01 
Total 49411450 4428
Reasoning Between Groups 1087576 2 543788,2 53,33*
Within Groups 45123503 4426 10195,1 
Total 46211079 4428
         *p<0.001 
When students’ mathematics performance were compared in terms of teachers professional development levels, 
there was a statistically significant difference between mathematics achievement (F=56,93; df=2, 4426; p<0.001) 
among students whose teachers have participated in professional development activities and did not participate in 
professional development activities in knowing. In a similar fashion, there was a statistically significant difference 
between mathematics achievement in Applying and Reasoning cognitive domains. 
2. Which of the six categories of professional development are associated with the greatest impact on students’ 
mathematics achievement? 
In all six categories, “Integration technology into mathematics” category has the greatest impact on students’ 
mathematics achievement. 
3. Which of the six categories of professional development are associated with the least impact on students’ 
mathematics achievement? 
In all six categories, “Mathematics content” category has the least impact on students’ mathematics achievement. 
6. Discussion and Recommendations 
In this study, we have explored the professional development activities on student performance in mathematics. 
This study indicates that in service teacher training programs (content, pedagogy/instruction, curriculum, 
technology, problem solving skills and assessment) have positive impacts on students learning of mathematics. 
While the highest effect on the use of technology into mathematics, mathematics content was the lowest effect 
among the six categories of professional development activities.  
The Ministry of National Education should consider the increase the number of professional development 
activities in Turkey. Mathematics Educator also considers professional development activities in their project. 
Especially, professional development activities that focus on integrating technology are important. 
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